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This application claims benefit of priority to Japanese 
Patent Application No. 2003-178713, filed on June 23, 2003, the 
contents of which are incorporated by reference herein. 

The present invention relates to a honeycomb structural 
body used for the purpose of collecting particulates in exhaust 
gases discharged from an internal combustion engine such as a 
diesel engine or the like. 



Recently, particulates contained in exhaust gases 
discharged from internal combustion engines of vehicles, such 
as buses, trucks and the like, and construction machines and 
the like have raised serious problems as those particulates are 
harmful to the environment and the human body. 

Conventionally, there have been proposed various ceramic 
filters which allow exhaust gases to pass through porous ceramics 
to collect particulates in the exhaust gases , thereby purifying 
the exhaust gases. 



As such a ceramic filter, as shown in Fig. 7, there has 
been known a honeycomb filter 12 0 , which is prepared as a honeycomb 
structural body made of silicon carbide and the like, and has 
a structure in which a plurality of square-pillar shaped porous 
ceramic members 130 are combined with one another through a 
sealing material layer 124 that serves as an adhesive to form 
a ceramic block 125, and a sealing material layer 123 is also 
formed on the circumference of this ceramic block 125 so as to 
prevent leakage of exhaust gases. 



BACKGROUND ART 
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[0003] 
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The honeycomb filter 120 uses the porous ceramic members 

130 having a structure as shown in Fig . 8 as constituent components , 
and a partition wall 133 , which are formed therein to separate 
through holes 131 a large number of which are placed in parallel 

5 with one another in the length direction, functions as filters. 
[0004] 

In other words, as shown in Fig. 8 (b) , each of the through 
holes 131, formed in the porous ceramic member 130, is sealed 
with a sealing member 132 at one of ends of its exhaust gas inlet 
10 side or outlet side, so that exhaust gases that have entered 
one through hole 131 are discharged from another through hole 

131 after having always passed through a partition wall 133 that 
separates the through holes 131. 

Here, as described above, the sealing material layer 123, 
15 formed on the periphery , is provided for the purpose of preventing 
exhaust gases from leaking from the peripheral portion of the 
ceramic block 125, when the honeycomb filter 120 is installed 
in an exhaust passage of an internal combustion engine. 
[0005] 

20 Since the honeycomb filter 120 of such a structure has 

superior heat resistance and provides easy regenerating 
processes and the like , it has been applied to various large-size 
vehicles and vehicles with diesel engines . In other words , when 
the honeycomb filter 120 having such a structure is installed 

25 in the exhaust passage of an internal combustion engine, 

particulates in exhaust gases discharged from the internal 
combustion engine are captured by the partition wall 133 upon 
passing through the honeycomb filter 120, so that the exhaust 
gases are purified. 

30 [0006] 

Moreover, with respect to such a type of honeycomb filter, 
disclosed is a structure in which the opening area on the exhaust 
gas inlet side is made larger than the opening area on the exhaust 
gas outlet side, so that the area of the wall portion through 
35 which exhaust gases pass per unit volume is made larger so as 
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to improve the effective volume serving as the filter (for example , 

see Patent Literatures 1 to 12) . 

[0007] 

Fig. 9 schematically shows a cross-section perpendicular 
5 to the length direction of an exhaust gas filter disclosed in 
Patent Literature 1 (see Fig. 3 of Patent Literature 1) . 

In this exhaust gas filter 310, the respective through 
holes have the same size, and the number of through holes 312, 
which are sealed at the exhaust gas inlet side, is made smaller 
10 than the number of through holes 311, which are sealed at the 
exhaust gas outlet side. With this, arrangement, the opening 
area on the exhaust gas inlet side is made larger than the opening 
area on the exhaust gas outlet side, so that the effective volume 
serving as the filter is improved. 
15 [0008] 

Fig. 10 schematically shows a cross-section perpendicular 
to the length direction of an exhaust gas filter disclosed in 
Patent Literature 2 (see Patent Literature 2) . 

In this exhaust gas filter 320, the opening area and the 

20 number of through holes 322, which are sealed at the exhaust 
gas inlet side, are made different from the opening area and 
the number of through holes 321 , which are sealed at the exhaust 
gas outlet side . Thus , the opening area on the exhaust gas inlet 
side is made larger than the opening area on the exhaust gas 

25 outlet side, so that the effective volume serving as the filter 
is improved. 
[0009] 

Fig. 11 schematically shows a cross-section perpendicular 
to the length direction of an exhaust gas filter disclosed in 
30 Patent Literature 1 (see Fig. 17 of Patent Literature 1) . 

In this exhaust gas filter 330 , the opening area of through 
holes 332, which are sealed at the exhaust gas inlet side, is 
made different from the opening area of through holes 331 , which 
are sealed at the exhaust gas outlet side. 
35 Moreover, in this filter, the number of the through holes 
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332 and the number of the through holes 331 are the same, and 
the through holes 331 , which are sealed at the exhaust gas outlet 
side, are mutually made in face-contact with each other through 
a partition wall. Also in the case of the exhaust gas filter 
5 having this structure, the opening area on the exhaust gas inlet 
side is made larger than the opening area on the exhaust gas 
outlet side, so that the effective volume serving as the filter 
is improved. 
[0010] 

10 Fig . 12 schematically shows a cross-section perpendicular 

to the length direction of an exhaust gas filter disclosed in 
Patent Literature 3 (see Fig. 5p of Patent Literature 3) . 

In this exhaust gas filter 340 , the opening area of through 
holes 342 , which are sealed at the exhaust gas inlet side, is 

15 made different from the opening area of through holes 341 , which 
are sealed at the exhaust gas outlet side. 

Moreover, in this filter, the number of the through holes 
342 and the number of the through holes 3 41 are the same, and 
the through holes 341 , which are sealed at the exhaust gas outlet 

20 side, are constituted not to have face-contact with each other 
through a partition wall . Also in the case of the exhaust gas 
filter having this structure, the opening area on the exhaust 
gas inlet side is made larger than the opening area on the exhaust 
gas outlet side, so that the effective volume serving as the 

25 filter is improved. 
[0011] 

In these conventional filters, the opening area on the 
gas inlet side is made larger than the opening area on the gas 
outlet side , so that the effective filtering area of the partition 

30 wall is made greater; thus, it becomes possible to collect a 
large amount of particulates. Moreover, in these filters, an 
object thereof is to reduce a pressure loss upon collecting the 
same amount of particulates in comparison with a filter in which , 
as shown in Figs. 7 and 8, the cross-sectional shape of all the 

35 through holes is a quadrangular shape and the opening area on 



the gas-inlet side and the opening area on the exhaust gas outlet 

side are the same. 

[0012] 

However, these conventional filters tend to fail to 
5 sufficiently achieve the latter object, that is, a reduction 
in a pressure loss upon collecting the same amount of 
particulates. 

In the above-mentioned filters, it is considered that the 
following four factors mainly give effects to the pressure loss . 
10 [0013] 

More specifically, those factors are considered to 
include: (1) an aperture ratio on the exhaust gas inlet side 
(APa) , (2) friction upon passage through through holes (gas inlet 
side through hole: APb-1, gas outlet side through hole: APb-2) , 
15 (3) resistance upon passage through a partition wall (APc) , and 
(4) resistance exerted upon passage through collected 
particulates (APd) . Here, among these, the effect exerted by 
(4) resistance exerted upon passage through collected 

particulates (APd) is considered to be greatest. 
20 [0014] 

Here, in the case of the filters having the structures 
shown in Figs. 9 to 12 , the initial pressure loss (pressure loss 
in a state without particulates collected) tends to become higher 
in comparison with the filter in which, as shown in Figs. 7 and 

25 8, the cross-sectional shape of all the through holes is a 
quadrangular shape and the opening area on the exhaust gas inlet 
side and the opening area on the exhaust gas outlet side are 
the same. The reason for this is because, although the pressure 
loss caused by APa and APb-1 is slightly reduced, the pressure 

30 loss caused by APb-2 and APc becomes higher. 
[0015] 

Moreover, with respect to the pressure loss after 
collection of particulates in a filter having each of structures 
as shown in Figs. 9 to 12 , the filters having the structures 
35 shown in Figs. 9 to 11 have a partition wall commonly possessed 
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by the gas flow-in through holes. In the filters having this 
structure, as shown in Fig. 13 , exhaust gases first flow from 
the gas flow-in through hole 1311 side to the gas flow-out through 
hole 1312 side through flow passages "a" via the partition wall 
5 commonly possessed by the gas flow- in through hole 1311 and the 
gas flow-out through hole 1312. At this time, particulates are 
captured by the partition wall commonly possessed by the gas 
flow-in through hole 1311 and the gas flow-out through hole 1312 
(see Fig. 13 (a) ) . 
10 [0016] 

Thereafter, as the particulates 1313 are collected on the 
partition wall commonly possessed by the gas flow-in through 
hole 1311 and the gas flow-out through hole 1312, so that the 
pressure loss in the partition wall becomes higher due to APd, 

15 and exhaust gases are allowed to flow from the gas flow-in through 
hole 1311 side to the gas flow-out through hole 1312 side through 
flow passages "b" via a partition wall commonly possessed by 
the gas flow-in through holes 1311 (see Fig. 13(b)). 

In this case, of the partition wall commonly possessed 

20 by the gas flow-in through holes 1311, it is considered that: 
the exhaust gases start to flow at the portion closest to the 
partition wall commonly possessed by the gas flow-in through 
hole 1311 and the gas flow-out through hole 1312; and the gas 
flow-in portion gradually expands to finally allow the entire 

25 partition wall forming the gas flow-in through hole 1311 to serve 
as an effective filtering region. 

Figs. 13(a) and 13(b) are schematic diagrams for describing 
flow passages of exhaust gases in the conventional filters. 
[0017] 

30 In a honeycomb structural body of this type , when the amount 

of particulates accumulated on the partition wall commonly 
possessedby thegas flow-in through hole 1311 and the gas flow-out 
through hole 1312 is large, it has been difficult to reduce the 
pressure loss upon collection of particulates. 

35 [0018] 
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Moreover, Patent Literatures 3 and 4 disclose a filter 
in which an average porosity is more than 10% or less and pores 
have an average pore diameter of 2 to 15 Jim, with individual 
pore diameters distributed in the almost entire range from 0.5 
5 to 70 Mm. 

The present inventors have also studied methods for 
increasing the pore diameter in order to reduce the pressure 
loss. However, as a result of the studies, it has been found 
that unexpectedly, even when the pore diameter is made larger, 
10 the pressure loss is not lowered. 
[0019] 

Patent Literature 1: JP-B 03-49608 (1991) (Figs. 3, 17 
and the like), US Patent No. 4417908, JP-A 58-196820 (1983) 

Patent Literature 2: JP-U 58-92409 (1983) 
15 Patent Literature 3: US Patent No. 4364761 (Fig. 5p and 

the like), JP-A 56-124417 (1981), JP-A 62-96717 (1987) 

Patent Literature 4: US Patent No. 4276071 

Patent Literature 5: US Patent No. 4420316 

Patent Literature 6: US Patent No. 4420316 
20 Patent Literature 7: JP-A 58-150015 (1983) 

Patent Literature 8 : JP-A05-68828 (1993) , Japanese Patent 
No. 3130587 

Patent Literature 9: FR2789327 

Patent Literature 10: WO02/100514 
25 Patent Literature 11: WO02/10562, DE10037403 

Patent Literature 12: WO03/20407, US Patent 2003-41730, 
US Patent No. 6696132 

DISCLOSURE OF THE INVENTION 
30 PROBLEMS TO BE SOLVED BY THE INVENTION 

[0020] 

The present inventors have examined a structure which can 
not be seen in the conventional technique, in which the rate 
of micro pores having relatively larger pore diameters in 
35 comparison with an average pore diameter is reduced with respect 
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to the pore distribution as a whole . Thus , they have found that : 
by adopting the above-mentioned structure in a honeycomb 
structural body in which the sealing is made so as to make 
difference in the aperture ratio, it becomes possible to allow 
5 exhaust gases to flow in most efficiently , to reduce the pressure 
loss , and also to prolong the period up to a regenerating process . 
Thus, the present invention has been achieved: 

MEANS FOR SOLVING THE PROBLEMS 

10 [0021] 

The present invention is directed to a columnar honeycomb 
structural body comprising a large number of through holes placed 
in parallel with one another in a length direction with a wall 
portion interposed therebetween, wherein: 
15 each of the through holes has one of ends sealed; 

one end face of the through hole differs in opening area 
from the other end face thereof; 

a ceramic material which constitutes the wall portion has 
an average pore diameter in a range from 5 to 30 |Jm; and 
20 the rate of capacity of micro pores each having a pore 

diameter two or more times larger than the average pore diameter 
is set to 30% or less of the capacity of the entire micro pores. 

Hereinafter, description will be given of the honeycomb 
structural body of the present invention. 
25 [0022] 

In the honeycomb structural body of the present invention, 
the ceramic material which constitutes the wall portion has an 
average pore diameter in a range from 5 to 30 ]Jm, and the rate 
of capacity of micro pores, each having a pore diameter two or 

30 more times larger than the average pore diameter, is set to 30% 
or less of the capacity of the entire micro pores; therefore, 
as shown in Fig . 14 , particulates are prevented from penetrating 
into deep portions in the wall portion 82, so that the apparent 
thickness w d" (thickness 81 of a particulate layer determined 

35 by taking into consideration the particulates deposited inside 
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the partition wall as well) of the particulates becomes thinner . 

Moreover, since particulates are prevented from 
penetrating into deep portions in the wall portion, the 
particulates are accumulated on only the surface layer portion 
5 of a portion that easily transmits gases because of its structure 
(for example, a portion of a partition wall that separates a 
through hole having an opening on its gas inlet side and a through 
hole having an opening on its gas outlet side and the like) in 
a short period of time. With this arrangement, therefore, from 

10 an early stage with little amount of collection of particulates , 
not only the portion that easily transmits gases because of its 
structure , but also a portion that hardly transmits gases because 
of its structure (for example, a portion of a partition wall 
that separates through holes having openings on the gas inlet 

15 sides and the like) , is allowed to transmit gases , thereby making 
it possible to increase the effective filtering area. 
[0023] 

Moreover, since the particulates are hardly allowed to 
penetrate into the inner- portions of the wall portion, the 
20 resistance exerted upon passing through the wall portion hardly 
increases . As a result , the degree of an increase in the pressure 
loss after collection of particulates is made smaller, making 
it possible to prolong a period up to the regenerating process. 
[0024] 

25 In the honeycomb structural body of the present invention, 

when the opening area on the gas inlet side is made larger than 
the opening area on the gas outlet side, the filtering area serving 
as the filter becomes larger, making it possible to improve the 
collecting performance for particulates. 

30 

EFFECTS OF THE INVENTION 

[00.25] 

The honeycomb structural body of the present invention 
makes it possible to prevent particulates from penetrating into 
35 deeper portions in the wall portion and, consequently, to make 
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the apparent thickness of the particulates thinner as well as 
allowing particulates to accumulate only on the surface portion 
of a portion that easily transmits gases because of its structure ; 
thus , with this arrangement , even from an early stage with little 
5 amount of collection of particulates, not only the portion that 
easily transmits gases because of its structure, but also a 
portion that hardly transmits gases because of its structure, 
is allowed to transmit gases, thereby making it possible to 
increase the effective filtering area. 

10 Moreover, since the particulates are hardly allowed to 

penetrate into the inner portions of the wall portion, the 
resistance exerted upon passing through the wall portion hardly 
increases . As a result , the degree of an increase in the pressure 
loss after collection of particulates is made smaller, making 

15 it possible to prolong a period up to the regenerating process. 
[0026] 

In the honeycomb structural body of the present invention , 
when the opening area on the gas inlet side is made larger than 
the opening area on the gas outlet side , the filtering area serving 
20 as the filter becomes larger, making it possible to improve the 
collecting performance for particulates. 

EMBODIMENTS OF THE INVENTION 

[0027] 

25 The present invention is related to a columnar honeycomb 

structural body comprising a large number of through holes placed 
in parallel with one another in a length direction with a wall 
portion interposed therebetween, wherein: 

each of the through holes has one of ends sealed; 
30 one end face of the through hole differs in opening area 

from the other end face thereof; 

a ceramic material which constitutes the wall portion has 
an average pore diameter in a range from 5 to 30 |Jm; and 

the rate of capacity of micro pores each having a pore 
35 diameter two or more times larger than the average pore diameter 
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is set to 30% or less of the capacity of the entire micro pores. 
[0028] 

The honeycomb structural body of the present invention 
has a columnar structure in which a large number of through holes 
5 are placed in parallel with one another in the length direction 
with a wall portion interposed therebetween. The honeycomb 
structural body may be formed by combining a plurality of columnar 
porous ceramic members , each having a plurality of through holes 
that are placed in parallel with one another in the length 

10 direction with a partition wall interposed therebetween, with 
one another through sealing material layers (hereinafter, also 
referred to as an aggregated honeycomb structural body) , or may 
be formed by ceramic members that are integrally sintered as 
one unit as a whole (hereinafter, also referred to as an integrated 

15 honeycomb structural body) . Here, the honeycomb structural 
body may have a coat layer formed on the circumference thereon. 
[0029] 

In the case of the aggregated honeycomb structural body, 
the wall portion is constituted by a partition wall that separates 

20 through holes of porous ceramic members from each other and a 
sealing material layer that serves as an adhesive layer between 
the porous ceramic members. In the case of the integrated 
honeycomb structural body, the wall portion is formed by a 
partition wall of one kind.. In the following description, both 

25 of the partition wall and the sealing material layer are referred 
to as a wall portion without discrimination, unless the 
discrimination is required. 
[0030] 

Fig. 1 is a perspective view that schematically shows a 
30 specific example of an aggregated honeycomb structural body as 
one example of the honeycomb structural body of the present 
invention, Fig. 2(a) is a perspective view that schematically 
shows one example of a porous ceramic member that forms the 
honeycomb structural body shown in Fig. 1, and Fig. 2(b) is a 
35 cross-sectional view taken along line A-A of the porous ceramic 
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member shown in Fig. 2 (a) . 
[0031] 

As shown in Fig. 1, the honeycomb structural body 10 of 
the present invention has a structure in which a plurality of 
5 porous ceramic members 20 are combined with one another through 
a sealing material layer 14 to form a ceramic block 15, with 
a sealing material layer 13 for preventing exhaust gas leak being 
formed on the periphery of this ceramic block 15. 
[0032] 

10 Here, in the porous ceramic member 20, a large number of 

through holes 21 are placed in parallel with one another in the 
length direction, and each of the through holes 21 has its one 
of ends sealed with a plug 22. Here, a through hole 21a with 
a relatively larger area in its cross-sectional area 

15 perpendicular to the length direction has its end on the exhaust 
gas outlet side sealed, and a through hole 21b with a relatively 
smaller area in the cross-sectional area has its end on the exhaust 
gas inlet side sealed. 

Therefore , the honeycomb structural body 10 has a structure 

20 in which the opening area on the exhaust gas inlet side is made 
larger than the opening area on the exhaust gas outlet side. 

Here, in the ceramic member 20 , a portion of the wall portion 
(partition wall) 23 that separates the through hole 21a having 
an opening on its exhaust gas inlet side (hereinafter, also 

25 referred to as a gas flow-in through hole) and the through hole 
2 lb having an opening on its exhaust gas outlet side (hereinafter, 
also referred to as a gas flow-out through hole) functions as 
a filter. In other words, exhaust gases that have entered one 
of the gas flow-in through holes 21a are allowed to flow out 

30 of other gas flow-out through holes 21b after always passing 
through these portions of the wall portion (partition wall) 23 
that separates the corresponding through holes from each other. 
[0033] 

In the honeycomb structural body 10 shown in Fig. 1, the 
35 shape is prepared as a column shape; however, not particularly 
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limited to the column shape, the honeycomb structural body of 
the present invention may have any desired shape, such as an 
elliptical column shape and a rectangular pillar shape, and any 
size . 
5 [0034] 

In the honeycomb structural body of the present invention, 
the material for the porous ceramic material is not particularly 
limited, and examples thereof include: nitride ceramics such 
as aluminum nitride, silicon nitride, boron nitride, titanium 

10 nitride and the like; carbide ceramics such as silicon carbide, 
zirconium carbide , titanium carbide , tantalum carbide , tungsten 
carbide and the like ; and oxide ceramics such as alumina , zirconia , 
cordierite, mullite and the like. Moreover, the honeycomb 
structural body of the present inventionmay bemade of a composite 

15 material of silicon and silicon carbide or the like, or may be 
made of aluminum titanate . Among these , silicon carbide , which 
has high heat resistance, superior mechanical properties and 
high thermal conductivity, is desirably used. 
[0035] 

20 Moreover, the porous ceramic member has an average pore 

diameter in a range from 5 to 30 |im, and the rate of capacity 
of micro pores each having a pore diameter two or more times 
larger than the average pore diameter is set to 30% or less of 
the capacity of the entire micro pores. 

25 [0036] 

Since the average pore diameter is set in a range from 
5 to 30 Jim, particulates are prevented from penetrating into 
deep portions in the wall portion, making the structural body 
less susceptible to clogging due to particulates. 

30 The average pore diameter of less than 5 |Jm tends to cause 

clogging due to particulates, resulting in an increase in the 
pressure loss . In contrast , the average pore diameter exceeding 
30 pm causes particulates to penetrate into deep portions in 
the wall portion, failing to provide the effects of the present 

35 invention. 
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[0037] 

Moreover, since, in the porous ceramic member, the rate 
of capacity of micro pores each having a pore diameter two or 
more times larger than the average pore diameter is set to 30% 
5 or less of the capacity of the entire micro pores, it is possible 
to make the pore diameter comparatively uniform and , consequently , 
to maintain resistance caused upon passage of' exhaust gases 
through the wall portion in a small level. 

In other words , with respect to the pore distribution state 
10 of the wall mutually separating the through holes on the gas-inlet 
side and the gas outlet side, by making micro pores having 
relatively larger pore diameters smaller in the number so that 
the gases are intentionally made difficult to flow, the gases 
are allowed to flow through the partition wall separating the 
15 through holes on the gas inlet side from each other in an early 
stage so that it becomes possible to reduce the pressure loss. 

This mechanism that makes the pressure loss lower has not 
been sufficiently clarified; however, the mechanism is 
presumably described as follows: 
20 [0038] 

When the rate of capacity of micro pores each having a 
pore diameter two or more times larger than the average pore 
diameter exceeds 30%, the rate of pore diameters that are 
comparatively larger than the average pore diameter becomes 

25 higher. Then, at the initial stage, that is, at the stage 
immediately after collection of particulates, as shown in Fig. 
15, exhaust gases are allowed to enter the portions of the micro 
pores having greater pore diameters more easily . Consequently , 
particulates are allowed to penetrate into deep portions in the 

30 partition wall 84 (deep portions in micro pores) . 

Moreover, since the exhaust gases are allowed to flow 
easily, it is possible to accumulate the particulates in deeper 
layer portions in high density. For this reason, although the 
apparent thickness "D" of the particulate layer 83 (thickness 

35 of the particulate layer in a state with the inside of the micro 
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pore being filled with particulates) becomes thicker to make 
the initial pressure loss lower, the pressure loss sometimes 
has an abrupt increase due to resistance (APd) upon passage of 
particulates as the particulates accumulate. 
5 [0039] 

As described above, when the rate of capacity of micro 
pores each having a pore diameter two or more times larger than 
the average pore diameter exceeds 30%, with respect to the 
capacity of the entire micro pores, the pressure loss of the 

10 filter increases consequently. Here, arrows indicate flows of 
exhaust gases. 

Moreover, as described above , after particulates have been 
sufficiently accumulated in the partition wall separating the 
gas inlet side through hole and the gas outlet side through hole, 

15 particulates are also allowed to flow through the partition wall 
separating the gas flow-in through holes from each other. 
[0040] 

In contrast, in the honeycomb structural body of the 
present invention, with respect to the pore distribution state 

20 of the wall portion separating the through holes on the gas inlet 
side and the gas outlet side, by making micro pores having 
relatively larger pore diameters smaller in the number so that 
the gases are intentionally made difficult to flow in comparison 
with the case in which micro pores having a large pore diameter 

25 are formed. As a result, exhaust gases are allowed to flow 
through the partition wall separating the gas flow-in through 
holes from each other, in a relatively early stage; thus, it 
becomes possible to avoid an abrupt rise in the pressure loss 
due to the thickness of particulates , uneven collecting processes 

30 and the like. 

Moreover, as described with reference to Fig. 14, in the 
filter of this type, since the thickness of particulates to be 
accumulated on the partition wall is made thinner, it becomes 
possible to prevent an insufficient regenerating process due 

35 to difficulty in burning particulates and damages in a filter 
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due to thermal impact caused by an abrupt burning process. 
[0041] 

Here, the pore diameter can be measured through known 
methods, such as a mercury injection method, and a measuring 
5 method using a scanning electronic microscope (SEM) . 

When it is taken into consideration that the present 
invention needs to measure the entire pore diameter distribution , 
the pore diameter is desirably measured through the mercury 
injection method. 
10 [0042] 

In the same manner as the honeycomb structural body 10 
shown in Fig. 1, the opening area on the exhaust gas inlet side 
is desirably made larger than the opening area on the exhaust 
gas outlet side. This structure makes it possible to expand 
15 the filtering area as the filter, and consequently to improve 
the particulate collecting performance. 
[0043] 

Further , in the above-mentioned honeycomb structural body , 
it is preferable to provide the partition wall that separates 
20 through holes on the gas inlet side from each other. 

This structure makes it possible to ensure a wider 
effective filtering area while maintaining a low pressure loss . 
[0044] 

In the honeycomb structural body of the present invention , 
25 the porosity of the porous ceramic member is desirably set in 
a range from 30 to 70%. 

This structure makes it possible to maintain sufficient 
strength in the porous ceramic member, to make particulates 
difficult to enter the partition wall and, consequently, to 
30 maintain resistance caused upon passage of exhaust gases through 
the partition wall in a low level. 
[0045] 

The porosity of less than 30% tends to cause clogging in 
the partition wall in an early stage , while the porosity exceeding 
35 70% tends to cause degradation in the porous ceramic member; 
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thus, it might be easily broken. 

Here , the above-mentioned porosity can be measured through 
known methods such as a mercury injection method ,. Archimedes 
method and a measuring method using a scanning electronic 
5 microscope (SEM) . 
[0046] 

In the honeycomb structural body of the present invention , 
the thickness of the wall portion is desirably set in a range 
from 0 . 1 to 0 . 5 mm. This structure makes it possible to maintain 

10 sufficient strength in the porous ceramic member and, 

consequently, to maintain resistance caused upon passage of 
exhaust gases through the partition wall in a low level. 

The thickness of less than 0.1 mm tends to cause 
insufficient strength in the honeycomb structural body, while 

15 the thickness exceeding 0.5 mm tends to cause a great increase 
in the pressure loss. 
[0047] 

Moreover, in the honeycomb structural body of the present 
invention, the opening (through holes) on a cross-section 

20 perpendicular to the length direction desirably has a density 
in a range from 15.5 to 62.0 pcs/cm 2 . 

In the case where the density is less than 15.5 pcs/cm 2 , 
since the total area of the wall portion becomes smaller to cause 
a reduction in the filtering efficiency as well as a reduction 

2 5 in the strength of the honeycomb structural body depending on 
the thickness of the wall portion . In the case where the density 
exceeds 62.0 pcs/cm 2 , the respective opening areas (through 
holes) on the gas inlet side and the gas outlet side become small , 
causing a reduction in the filter efficiency; in particular, 

30 when the opening (through hole) area on the gas-inlet side is 
smaller, the pressure loss tends to become greater. 
[0048] 

With respect to the particle size of ceramic particles 
to be used upon manufacturing the porous ceramic members , 
35 although not particularly limited, those which are less 
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susceptible to shrinkage in the succeeding firing process are 
desirably used, and for example, those particles, prepared by 
combining 100 parts by weight of particles having an average 
particle size from 0.3 to 50 Jim with 5 to 65 parts by weight 
5 of particles having an average particle size from 0.1 to 1.0 
|Jm, are desirably used. By mixing ceramic powders having the 
above-mentioned respective particle sizes at the 
above-mentioned blending ratio, it is possible to provide a 
porous ceramic member. 

10 Moreover, by adjusting the particle sizes of the 

above-mentioned two kinds of powders , in particular , theparticle 
size of the powder having the greater particle size, the pore 
diameter of the porous ceramic member can be adjusted in the 
above-mentioned range . In the case where an integrated 

15 honeycomb structural body is manufactured, the same method can 
be used. 

Furthermore, a pore forming material having a uniform 
particle size may be mixed in the material, and the resulting 
mixture is fired., so that a porous ceramic member having an 
20 adjusted pore diameter may be manufactured. Here, the 

pore-f ormingmaterial refers to amaterial used for forming pores 
in a processed ceramic material and, for example, those materials 
which are eliminated through a firing process may be listed. 
[0049] 

25 The above-mentioned plug is desirably made of porous 

ceramics . 

In the honeycomb structural body of the present invention, 
since the porous ceramic member with one end sealed with the 
plug is made of porous ceramics, by making the plug using the 

30 same porous ceramics as the porous ceramic member, it becomes 
possible to increase the bonding strength between the two 
materials, and by adjusting the porosity of the plug similarly 
to that of the above-mentioned porous ceramic member, it is 
possible to take the matching of the coefficient of thermal 

35 expansion of the porous ceramic member and the coefficient of 
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thermal expansion of the plug; thus, it becomes possible to 
prevent the occurrence of a gap between the plug and the partition 
wall due to a thermal stress that is exerted upon, production 
as well as upon use and the occurrence of a crack in the plug 
5 or the portion of the partition wall with which the plug comes 
in contact . 
[0050] 

In the case where the plug is made of porous ceramics, 
with respect to the material thereof , not particularly limited , 
10 the same material as the ceramic material which constitutes the 
porous ceramic member may be used. 
[0051] 

In the honeycomb structural body of the present invention, 
the sealing material layers (a wall portion) 13, 14 are formed 

15 between the porous ceramic members 20 as well as on the periphery 
of the ceramic block 15. Further, the sealing material layer 
(a wall portion) 14, formed between the porous ceramic members 
20, also serves as an adhesive that bonds a plurality of porous 
ceramic members 20 to one another , and the sealing material layer 

20 (a wall portion) 13, formed on the periphery of the ceramic block 
15, serves as a sealing material used for preventing leak of 
exhaust gases from the peripheral portion of the ceramic block 
15 , when the honeycomb structural body 10 of the present invention 
is installed in an exhaust passage of an internal combustion 

25 engine. 
[0052] 

With respect to the material which constitutes the sealing 
material layer , not particularly limited, for example, amaterial 
composed of an inorganic binder, an organic binder and inorganic 
30 fibers and/or inorganic particles, or the like, may be used. 

Here, as described above , in the honeycomb structural body 
of the present invention, the sealing material layer is formed 
between the porous ceramic members as well as on the periphery 
of the ceramic block; and these sealing material layers may be 
35 made of the same material or materials different from each other . 
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Moreover , in the case where the sealing material layers are made 
of the same material , the blending ratios of the materials may 
be the same or different from each other. 
[0053] 

5 With respect to the inorganic binder, for example, silica 

sol, alumina sol and the like may be used. Each of these may 
be used alone or two or more kinds of these may be used in 
combination. Among the inorganic binders, silica sol is more 
desirably used. 
10 [0054] 

With respect to the organic binder, examples thereof 
include polyvinyl alcohol, methyl cellulose, ethyl cellulose, 
carboxymethyl cellulose and the like. Each of these may be used 
alone or two or more kinds of these may be used in combination. 
15 Among the organic binders, carboxymethyl cellulose is more 
desirably used. 
[0055] 

With respect to the inorganic fibers, examples thereof 
include ceramic fibers such as silica-alumina , mullite , alumina , 
20 silica and the like. Each of these may be used alone or two 
or more kinds of these may be used in combination. Among the 
inorganic fibers , silica-alumina fibers are more desirably used . 
[0056] 

With respect to the inorganic particles, examples thereof 
25 include carbides, nitrides and the like, and specific examples 
include inorganic powder or whiskers made of silicon carbide, 
silicon nitride, boron nitride and the like. Each of these may 
be used alone, or two or more kinds of these may be used in 
combination. Among the inorganic fine particles, silicon 
30 carbide having superior thermal conductivity is desirably used. 

The sealing material layer may be made of a dense material 
or may be made of a porous material. 
[0057] 

Fig. 3(a) is a perspective view that schematically shows 
35 a specific example of an integrated honeycomb structural body 
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as one example of the honeycomb structural body of the present 
invention, and Fig. 3(b) is a cross-sectional view taken along 
line B-B of Fig. 3 (a) . 
[0058] 

5 As shown in Fig. 3(a) , the honeycomb structural body 30 

is made of a columnar porous ceramic block 35 in which a large 
number of through holes 31 are placed in parallel with one another 
in the length direction with a partition wall 33 interposed 
therebetween. Each of the through holes 31 has its one of the 

10 ends sealed with a plug 32. Here, the through hole 31a, which 
has a relatively larger cross-sectional area perpendicular to 
the length direction, has its end on the exhaust gas outlet side 
sealed so as to serve as the gas flow-in through hole, and the 
through hole 31b, which has a relatively smaller cross-sectional 

15 area, has its end on the exhaust gas inlet side sealed so as 
to serve as the gas flow-out through hole. 

Although not shown in Fig. 3, a sealing material layer 
may be formed on the circumference of the porous ceramic block 
35 in the same manner as the honeycomb structural body 10 shown 

20 in Fig. 1. 
[0059] 

Except that the porous ceramic block 35 has an integrated 
structure formed through a sintering process, the honeycomb 
structural body 30 has the same structure as the aggregated 

25 honeycomb structural body 10. Therefore, also in the honeycomb 
structural body 30, the partition wall 33 that separates the 
gas flow-in through hole 31a and the gas flow-out through hole 
31b is allowed to function as a filter, so that exhaust gases 
that have entered the gas flow-in through holes 31a are allowed 

30 to flow out of. the gas flow-in through holes 31b after always 
passing through the partition wall 33. 

Therefore, the integrated honeycomb structural body 30 
also has the same effects as those of the aggregated honeycomb 
structural body. 

35 [0060] 
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In the same manner as the aggregated honeycomb structural 
body 10 , in the integrated honeycomb structural body 30, the 
porous ceramic block 35 has an average pore diameter in a range 
from 5 to 30 pm and the rate of capacity of micro pores each 
5 having a pore diameter two or more times larger than the average 
pore diameter is set to 30% or less of the capacity of the entire 
micro pores. Further, the shape and size of the integrated 
honeycomb structural body 30 may also be determined desirably, 
and the porosity thereof is desirably set in a range from 30 
10 to 70% in the same manner as the aggregated honeycomb structural 
body . 

Moreover, the density of openings (through holes) on the 
cross-section perpendicular to the length direction and the 
thickness of the wall portion are desirably set in the same manner 
15 as the aggregated honeycomb structural body. 
[0061] 

With respect to the porous ceramics which constitute the 
porous ceramic block 35, not particularly limited, the same 
nitride , carbide and oxide ceramics used in the aggregated 
20 honeycomb structural body may be proposed, and in general , oxide 
ceramics such as cordierite and the like are desirably used. 
[0062] 

The plug 32 to be used in the integrated honeycomb 
structural body 30 is also desirably made of porous ceramics, 
25 and with respect to the material thereof, although not 

particularly limited, for example, the same materials as the 
ceramic materials used for forming the above-mentioned porous 
ceramic block 35 may be used. 
[0063] 

30 In the above-mentioned honeycomb structural body having 

the structure as shown in Figs . 1 and 3 , although not particularly 
limited, the shape of a cross-section perpendicular to the length 
direction of each of those through holes is desirably formed 
into a polygonal shape. 

35 [0064] 



23 



This polygonal shape eliminates portions of the through 
hole that cause greater friction when exhaust gases are allowed 
to pass through the through hole due to the shape of the through 
hole and, consequently, reduces a pressure loss caused by the 
5 friction of exhaust gases upon passing through the through hole , 
and also eliminates portions of a partition wall with irregular 
thicknesses, that is, portions that locally make it difficult 
for exhaust gases to pass through, so as to reduce a pressure 
loss caused by resistance of a partition wall exerted when exhaust 
10 gases pass through the partition wall ; thus , the polygonal shape 
is allowed to. exert either of the above-mentioned effects. 
[0065] 

Moreover, among polygonal shapes, a polygonal, shape of 
a quadrangle or more is desirably used, and at least one of the 

15 corners is desirably formed as an obtuse angle. With this 

arrangement , it becomes possible to reduce a pressure loss caused 
by friction of exhaust gases upon flowing through the through 
hole inlet side and friction of exhaust gases upon flowing through 
the through hole outlet side. 

20 [0066] 

The vicinity of each of corners on the cross-section of 
the through hole is desirably formed by a curved line . By forming 
the corner into a .curved line, it becomes possible to prevent 
occurrence of cracks caused by a stress concentration at the 
25 corner . 
[0067] 

Here, the opening area on the exhaust gas inlet side is 
desirably made larger than the opening area on the exhaust gas 
outlet side; and in this case, the ratio of the opening area 

30 on the exhaust gas inlet side and the opening area on the exhaust 
gas outlet side (the opening area on the exhaust gas inlet side /the 
opening area on the exhaust gas outlet side, hereinafter, also 
referred to simply as opening area ratio) is desirably set in 
a range from 1.01 to 6. 

35 When the ratio of areas exceeds 6, the capacity of the 
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through holes on the exhaust gas outlet side becomes too small; 
thus , the pressure loss , caused by friction upon passing through 
the through holes and resistance upon passing through the 
partition wall, increases to cause an increase in the initial 
5 pressure loss, resulting in an increase in the initial pressure 
loss. The ratio of the areas is desirably set in a range from 
1.2 to 5. More desirably, the ratio of the areas is set in a 
range from 1.2 to 3.0. 
[0068] 

10 Figs. 4(a) to 4(d) as well as Figs. 5(a) to 5(f) are 

cross-sectional views, each of which schematically shows one 
portion of the cross-section of a porous ceramic member 
constituting the aggregated honeycomb structural body in 
accordance with the present invention. Here, regardless of the 

15 integrated type and the aggregated type, the shapes of the 
cross-sections of the respective through holes are the same; 
therefore, referring to these Figures, the cross-sectional 
shapes in the honeycomb structural body of the present invention 
are described. 

20 [0069] 

In Fig. 4(a) , the ratio of opening areas is almost 1.55, 
in Fig. 4 (b) , it is almost 2.54, in Fig. 4(c), it is almost 4.45 
and in Fig. 4(d), it is almost 6 . 00 . Moreover, in Figs . 5(a), 
5 (c) and 5 (e) , all the ratios of opening areas are almost 4.45, 
25 and in Figs . 5 (b) , 5 (d) and 5 (f ) , all the ratios of opening areas 
are almost 6.00. 
[0070] 

In Figs . 4 (a) to 4 (d) , each of the cross-sectional shapes 
of the gas flow-in through holes is an octagon, and each of the 

30 cross-sectional shapes of the gas flow-out through holes is a 
quadrangle (square) , and these are alternately arranged; thus, 
by changing the cross-sectional area of each of the gas flow-out 
through holes, with the cross-sectional shape of each of the 
gas flow-in through holes being slightly changed, it is possible 

35 to desirably change the ratio of opening areas easily. In the 
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same manner, with respect to the honeycomb filter shown in Fig. 
5, the ratio of opening areas can be desirably changed. 
[0071] 

Here, in honeycomb structural bodies 160 and 260 shown 
5 in Figs. 5(a) and 5(b) , each of the cross-sectional shapes of 
the gas flow-in through holes 161a and 261a is a pentagon with 
three corners thereof being set to almost right angles, and each 
of the cross-sectional shapes of the gas flow-in through holes 
161b and 261b is a quadrangle, and the respective quadrangles 

10 are placed at portions of a greater quadrangle , which diagonally 
face each other. Honeycomb structural bodies 170 and 270 , shown 
in Figs . 5 (c) and 5 (d) , havemodif ied shapes of the cross-sections 
shown in Figs. 4(a) to 4(d) so that a portion of the partition 
wall commonly possessed by each of the gas flow-in through holes 

15 171a, 271a and each of the gas flow-in through holes 171b, 271b 
is expanded toward the gas flow-in through hole side with a certain 
curvature. This curvature may be desirably set. 
[0072] 

In this case, the curved line, which forms a portion of 
20 the partition wall commonly possessed by each of the gas flow-in 
through holes 171a, 271a and each of the gas flow-in through 
holes 171b, 271b, corresponds to 1/4 of a circle. 
[0073] 

In honeycomb structural bodies 180 and 280 shown in Figs. 

25 5(e) to 5(f) , the gas flow-in through holes 181a, 281a and the 
gas flow-in through holes 281b, 281b are formed into quadrangles 
(rectangular shapes), and as shown in Figures, these through 
holes are arranged so that, when the two gas flow-in through 
holes and the two gas flow-in through holes are combined with 

30 one another, an almost square shape is formed. 
[0074] 

Moreover, the cross-sectional shapes of the through holes 
forming the honeycomb structural body of the present invention 
may have the shapes that have already shown in Figs. 9 to 12 . 
35 Therefore , in the honeycomb structural body of the present 



26 



invention, the opening area of the gas flow-in through holes 
may be made greater than the opening area of the gas flow-out 
through holes, and the numbers of the gas flow-in through holes 
and the gas flow-out through holes may be different. 
5 [0075] 

In the present invention, the distance between centers 
of gravity of cross-sections perpendicular to the length 
direction of adjacently located gas flow-in through holes is 
desirably designed to be equal to the distance between centers 

10 of gravity of cross-sections perpendicular to the length 

direction of adjacently located gas flow-out through holes. 

The term "the distance between centers of gravity of the 
cross-sections of adj acent gas flow-in through holes" represents 
the smallest distance between the center of gravity on a 

15 cross-section perpendicular to the length direction of one gas 
flow-in through hole and the center of gravity on a cross-section 
perpendicular to the length direction of an adjacent gas flow-in 
through hole; and the term "the distance between centers of 
gravity of the cross-sections of adjacent gas flow-out through 

20 holes" represents the smallest distance between the center of 
gravity on a cross-section perpendicular to the length direction 
of one gas flow-out through hole and the center of gravity on 
a cross-section perpendicular to the length direction of an 
adjacent gas flow-out through hole. 

25 [0076] 

In the case where the two distances between centers of 
gravity are equal to each other , since heat is uniformly dispersed 
upon regenerating, it is possible to prevent the temperature 
inside the honeycomb structural body from being locally 
30 distributed in a biased manner, and consequently to provide a 
filter having superior durability free from cracks caused by 
a thermal stress, even after long-term repetitive use. 
[0077] 

When the honeycomb structural body of the present invention 
35 is used as a filter for collecting particulates in exhaust gases , 
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collected particulates are gradually deposited on the inside 
of each of the through holes forming the honeycomb structural 
body . 

Here, as the amount of deposited particulates becomes 
5 greater, the pressure loss increases gradually, and when it 
exceeds a predetermined value, the load imposed on the engine 
becomes too high. Therefore, in the present invention, the 
filter is regenerated by burning the particulates, and in the 
case of the present invention, since the degree of an increase 
10 in the pressure loss after collection of particulates is made 
smaller in comparison with that of the conventional filter, it 
becomes possible to prolong the period up to the regenerating 
process . 
[0078] 

15 The following description will discuss one example of a 

manufacturing method for the honeycomb structural body of the 
present invention. In the case where the structure of the 
honeycomb structural body of the present invention is prepared 
as an integrated honeycomb structural body constituted by one 

20 sintered body as a whole as shown in Fig. 3, first, an extrusion 
molding process is carried out by using the above-mentioned 
material paste mainly composed of ceramics to manufacture a 
ceramic formed body having almost the same shape as the honeycomb 
structural body 30 shown in Fig. 3. 

25 [0079] 

With respect to the material paste, not particularly 
limited, any material paste may be used as long as the porous 
ceramic block that has been manufactured is allowed to have an 
average pore diameter in a range from 5 to 30 |im with the rate 

30 of capacity of micro pores each having a pore diameter two or 
more times larger than the average pore diameter being set to 
30%. or less of the capacity of the entire micro pores, and, for 
example , a material , prepared by adding a binder and a dispersant 
solution to powder with a predetermined particle size made of 

35 the aforementioned ceramics, may be used. 
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[0080] 

With respect to the above-mentioned binder, not 
particularly limited, examples thereof include: 
methylcellulose , carboxy methylcellulose , hydroxy 
5 ethylcellulose , polyethylene glycol, phenolic resin and epoxy 
resin. 

In general, the blended amount of the above-mentioned 
binder is desirably set to 1 to 10 parts by weight with respect 
to 100 parts by weight of ceramic powder. 
10 [0081] 

With respect to the dispersant solution, not particularly 
limited, examples thereof include: an organic solvent such as 
benzene; alcohol such as methanol; and water. 

An appropriate amount of the above-mentioned dispersant 
15 solution is mixed therein so that the viscosity of the material 
paste is set within a fixed range. 
[0082] 

These ceramic powder, binder and dispersant solution are 
mixed by an attritor or the like, and sufficiently kneaded by 
20 a kneader or the like, and then extrusion-molded so that the 
above-mentioned ceramic formed body is manufactured. 
[0083] 

Moreover , a molding auxiliary may be added to the material 
paste, if necessary. 
25 With respect to the molding auxiliary, not particularly 

limited, examples thereof include: ethylene glycol, dextrin, 
fatty acid soap, polyalcohol and the like. 
[0084] 

Furthermore, a pore-forming agent, such as balloons that 
30 are fine hollow spheres composed of oxide— based ceramics, 

spherical acrylic particles and graphite, may be added to the 
above-mentioned material paste, if necessary. 

With respect to the above-mentioned balloons, not 
particularly limited, for example, alumina balloons, glass 
35 micro-balloons, shirasu balloons , fly ash balloons (FAballoons) 
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and mullite balloons may be used . Among these , fly ash balloons 

are more desirably used. 

[0085] 

Next, after the above-mentioned ceramic formed body has 
5 been dried by using a drier such as a microwave drier, a hot-air 
drier, a dielectric drier, a reduced-pressure drier, a vacuum 
drier and a frozen drier, predetermined through holes are filled 
with plug paste to form plugs so that a mouth sealing process 
for plugging the through holes is carried out . Here , the sealing 
10 process is carried out so that the size of the opening area of 
the gas flow-in through holes is made larger than the size of 
the opening area of the gas flow-out through holes. 
[0086] 

With respect to the above-mentioned plug paste, not 
15 particularly limited, for example, the same material paste as 
the above-mentioned material paste may be used; however, those 
pastes, prepared by adding a lubricant, a solvent, a dispersant 
and a binder to ceramic powder used as the above-mentioned 
material paste, are desirably used. With this arrangement, it 
20 becomes possible to prevent ceramics particles in the plug paste 
from settling in the middle of the sealing process. 
[0087] 

Next, the ceramic dried body filled with the plug paste 

is subjected to degreasing and firing processes under 
25 predetermined conditions so that a honeycomb structural body, 

made of porous ceramics and constituted by a single sintered 

body as a whole, is manufactured. 

Here , with respect to the degreasing and firing conditions 

and the like of the ceramic dried body, it is possible to apply 
30 conditions that have been conventionally used for manufacturing 

a honeycomb structural body made of porous ceramics. 

[0088] 

In the case where the structure of the honeycomb structural 
body of the present invention is prepared as an aggregated 
35 honeycomb structural body constituted by a plurality of porous 
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ceramic members combined with one another through sealing 
material layers as shown in Fig. 1, first, an extrusion molding 
process is carried out by using the above-mentioned material 
paste mainly composed of ceramics to manufacture a raw ceramic 
5 formed body having a shape like a porous ceramic member 2 0 shown 
in Fig. 2. 
[0089] 

Here , with respect to the material paste , the same material 
paste as described in the above-mentioned aggregated honeycomb 
10 structural body may be used. 
[0090] 

After the above-mentioned raw molded body has been dried 
by using a microwave drier or the like to form a dried body, 
plug paste, which forms plugs, is injected into predetermined 

15 through holes of the dried body so that sealing processes for 
sealing the through holes are carried out. 

Here, with respect to the plug paste, the same plug paste 
as that described in the above-mentioned integrated honeycomb 
structural body may be used, and with respect to the sealing 

20 process, the same method as the method for the above-mentioned 
integrated honeycomb structural body may be used except that 
the subject to be filled with the plug paste is different. 

In this case also, the sealing processes are desirably 
carried out so that the size of opening areas of the gas flow-in 

25 through holes is made larger than the size of opening areas of 
the gas flow-out through holes. 
[0091] 

Next , the dried body that has been subj ected to the sealing 
process is subjected to degreasing and firing processes under 
30 predetermined conditions so that a porous ceramic member in which 
a plurality of through holes are placed in parallel with one 
another in the length direction with a partition wall interposed 
therebetween is manufactured. 

Here, with respect to the conditions and the like of 
35 degreasing and firing processes for the raw molded body, those 



31 



conditions conventionally used for manufacturing a honeycomb 
structural body constituted by a plurality of porous ceramic 
members that are combined with one another through sealing 
material layers may be used. 
5 [0092] 

Next, sealing material paste to be used for forming a 
sealing material layer 14 is applied with an even thickness to 
form a sealing material paste layer , and on this sealing material 
paste layer, a process for laminating another porous ceramic 

10 member 20 is successively repeated so that a laminated body of 
porous ceramic members 2 0 having a rectangular pillar shape with 
a predetermined size is manufactured. 

With respect to the material for forming the sealing 
material paste, since the same material as that described in 

15 the honeycomb structural body of the present invention can be 
used, the description thereof will not be given herein. 
[0093] 

Next, the laminated body of the porous ceramic members 
20 is heated so that the sealing material paste layer is dried 
20 and solidified to form the sealingmaterial layer 14 ; thereafter, 
by cutting the peripheral portion into, for example, a shape 
as shown in Fig. 1, by using a diamond cutter or the like so 
that a ceramic block 15 is manufactured. 
[0094] 

25 A sealing material layer 13 is formed on the circumference 

of the ceramic block 15 by using the sealing material paste so 
that a honeycomb structural body in which a plurality of porous 
ceramic members are combined with one another through sealing 
material layers is manufactured. 

30 [0095] 

Any of the honeycomb structural bodies thus manufactured 
have a pillar shape, and the structures thereof are shown in 
Fig. 1 and Fig. 2. 
[0096] 

35 With respect to the application of the honeycomb structural 
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body of the present invention , although not particularly limited , 
it is desirably used for exhaust gas purifying devices for use 
in vehicles. 

Fig. 6 is a cross-sectional view that schematically shows 
5 one example of an exhaust gas purifying device for use in vehicles , 
which is provided with the honeycomb structural body of the 
present invention. 
[0097] 

As shown in Fig. 6, an exhaust gas purifying device 800 
10 is mainly constituted by a honeycomb structural body 80 of the 
present invention, a casing 830 that covers the external portion 
of the honeycomb structural body 80, a holding sealing material 
820 that is placed between the honeycomb structural body 80 and 
the casing 830 and heating means 810 placed on the exhaust gas 
15 inlet side of the honeycomb structural body 80 , and an introducing 
pipe 840, which is connected to an internal combustion engine 
such as an engine, is connected to one end of the casing 830 
on the exhaust gas inlet side, and an exhaust pipe 850 externally 
coupled is connected to the other end of the casing 830. In 
20 Fig. 6, arrows show flows of exhaust gases. 

Moreover, in Fig. 6, the honeycomb structural body 80 may 
be prepared as the honeycomb structural body 10 shown in Fig. 
1 or as the honeycomb structural body 30 shown in Fig. 3. 
[0098] 

25 In the exhaust gas purifying device 800 having the 

above-mentioned arrangement , exhaust gases , discharged from the 
internal-combustion system such as an engine, are directed into 
the casing 830 through the introducing pipe 840, and allowed 
to flow into the honeycomb structural body 80 through the through 

30 holes and to pass through the wall portion (a partition wall) ; 
thus, the exhaust gases are purified, with particulates thereof 
being collected in the wall portion (a partition wall) , and are 
then discharged outside through the exhaust pipe 850. 
[0099] 

35 After a large quantity of particulates have been 
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accumulated on the wall portion (a partition wall) of the 
honeycomb structural body 80 to cause an increase in pressure 
loss, the honeycomb structural body 80 is subjected to a 
regenerating process. 
5 In the regenerating process, a gas, heated by using a 

heating means 810, is allowed to flow into the through holes 
of the honeycomb structural body 80 so that the honeycomb 
structural body 80 is heated to burn and eliminate the 
particulates deposited on the wall portion (a partition wall) . 
10 Moreover, in the present invention, in addition to the 

above-mentioned method, the particulates may be burned and 
eliminated by using a post-injection system. 
[0100] 

Moreover, the honeycomb structural body of the present 
15 invention may have a catalyst capable of purifying CO, HC, NOx 

and the like in the exhaust gases deposited in the pores. 

When such a catalyst is supported thereon, the honeycomb 

structural body of the present invention is allowed to function 

as a honeycomb structural body capable of collectingparticulates 
20 in exhaust gases, and also to function as a catalyst converter 

for purifying CO , HC , NOx and the like contained in exhaust gases . 

Moreover, depending on cases , the honeycomb structural body makes 

it possible to lower the burning temperature of the particulates . 

[0101] 

25 With respect to the catalyst, examples thereof include 

noble metals such as platinum, palladium and rhodium. The 
catalyst, made of a noble metal such as platinum, palladium or 
rhodium, is a so-called three-way catalyst, and the honeycomb 
structural body of the present invention which is provided with 

30 such a three-way catalyst is allowed to function in the same 
manner as conventionally known catalyst converters . Therefore , 
with respect to the case in which the honeycomb structural body 
of the present invention also functions as a catalyst converter, 
detailed description thereof will not be given herein. 

35 Here, with respect to the catalyst that is supported on 



34 



the honeycomb structural body of the present invention, not 
particularly limited to the above-mentioned noble metal, any 
catalyst may be supported thereon, as long as it can purify CO, 
HC, NOx and the like contained in exhaust gases. 

EXAMPLES 
[0102] 

The following description will discuss the present 
invention in detail by means of examples; however, the present 
invention is not intended to be limited by these examples. 
(Example 1) 

(1) Powder of cc-type silicon carbide having an average 
particle size of 11 |Jm (±1 |jm for the portion of 99 . 99% by weight 
thereof) (60% by weight) , obtained by adjusting the grain size 
of a material using a sieve , and powder of p-type silicon carbide 
having an average particle size of 0 . 5 |Jm (40% by weight) were 
wet-mixed, and to 100 parts by weight of the resulting mixture 
were added and kneaded 5 parts by weight of an organic binder 
(methyl cellulose) and 10 parts by weight of water to obtain 
a mixed composition . Next, after a slight amount of a plasticizer 
and a lubricant had been added and kneaded therein , the resulting 
mixture was extrusion-molded so that a raw formed product , which 
had almost the same cross-sectional shape as the cross-sectional 
shape shown in Fig. 4(b) and a ratio of opening areas of 3.00, 
was manufactured. 

[0103] 

(2) Next, the above-mentioned raw formed product was dried 
by using a microwave drier or the like to form a ceramic dried 
body , and after predetermined through holes had been filled with 
a paste having the same composition as the raw formed product, 
the resulting product was again dried by using a drier, and then 
degreased at 400°C, and fired at 2000°C in a normal-pressure 
argon atmosphere for 3 hours to manufacture a porous ceramic 
member, which was a silicon carbide sintered body, and had a 
porosity of 42%, an average pore diameter of 5 Jim, with a rate 
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of capacity of micro pores (hereinafter, referred to as pore 
diameter distribution) each having a pore diameter two times 
larger than the average pore diameter (10 pm in the present 
example) being set to 10%, a size of 34 . 3 mm x 34 . 3 mm x 150 
mm, the number of through holes of 31 pcs/cm 2 and a thickness 
of substantially all the wall portion (a partition wall) 23 of 
0 . 4 mm. 

Here , with respect to end faces of the porous ceramic member 
thus obtained, an end face on one side of each of through holes 
41a having a relatively large cross-sectional area was sealed 
with a plug, and an end face on the other side of each of through 
holes 41b having a relatively smaller cross-sectional area was 
sealed with a plug. 
[0104] 

Here, the above-mentioned pore diameter was measured by 
using the following method: 

With respect to the porous ceramic member, the pore 
diameter (0 . 2 to 500 |Jm) was measured by using a mercury inj ection 
method (in accordance with JIS R 1655:2003). 

More specifically, a porous ceramic member having a 
honeycomb structure was cut into cubes having a size of about 
0.8 cm, and these were washed by using ultrasonic-wave with ion 
exchanged water, and sufficiently dried. Next, the pore 
diameter of these samples were measured by using a Micromeritics 
automatic porosimeter, AutoPore III9405, manufactured by 
Shimadzu Corporation. In this case, the measuring range was 
set from 0.2 to 500 Jim, and in the range from 100 to 500 |Jm, 
the measurements were carried out for every pressure unit of 
0.1 psia, and in the range from 0 . 2 to 100 |Jm, the measurements 
were carried out for every pressure unit of 0.25 psia. Thus, 
the pore diameter distribution and the total micro pore capacity 
were calculated. 

The average pore size (diameter) was calculated as , 4 x 
S (integrated micro pore area) /V (integrated micro pore 
capacity) . 
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Moreover , the pore diameter of twice as large as the average 
pore diameter was obtained, and the micro pore capacity of pores 
having the pore diameter exceeding the pore diameter of twice 
as large as the average was further calculated; moreover, based 
5 upon the measured data of total micro pore range and the rate 
of the micro pore diameter calculated as described above, the 
rate of the capacity of micro pores having the 1 pore diameter 
exceeding the pore diameter twice as large as the average micro 
pore diameter, which relates to the present invention, was 
10 calculated. 
[0105] 

(Examples 2 to 12) 

Porous ceramic members were manufactured in the samemanner 
as Example 1, except that the average pore diameter and the pore 

15 diameter distribution were changed to values as shown in Table 
1. Here, the particle size of the material powder, firing 
conditions and the like are shown in Table 1 . Moreover, the 
particle size of the material powder (a-type silicon carbide 
powder) was set to ±1 |Jm for the portion of 99.99% by weight 

20 thereof in the same manner as Example 1. 
[0106] 

(Comparative Examples 1 to 6) 

Porous ceramic members weremanuf actured in the samemanner 
as Example 1, except that the average pore diameter and the pore 
25 diameter distribution were changed to values as shown in Table 
1. Here, the particle size of the material powder, firing 
conditions and the like are shown in Table 1. 
[0107] 

With respect to each of the porous ceramic members 
30 according to Examples 1 to 12 and Comparative Examples 1 to 6 , 
respective ceramic blocks were manufactured, and the following 
measurements were carried out. Here, the manufacturing method 
of the ceramic block is shown below: 

First, by using a heat resistant sealing material paste 
35 containing 30% by weight of alumina fibers having a fiber length 
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of 0.2 mm, 21% by weight of silicon carbide particles having 
an average particle size of 0 . 6 |Jm, 15% by weight of silica sol , 
5.6% by weight of carboxymethyl cellulose and 28.4% by weight 
of water, a large number of the porous silicon carbide members 
5 were combined with one another, and this was then cut by using 
a diamond cutter to form a cylindrical shaped ceramic block. 

In this case , the thickness of the sealing material layers 
used for combining the porous ceramic members was adjusted to 
1 . 0 mm. 
10 [0108] 

Next, ceramic fibers made of alumina silicate (shot 
content: 3%, fiber length: 0.1 to 100 mm) (23.3% by weight), 
which served as inorganic fibers, silicon carbide powder having 
an average particle size of 0.3pm (30 . 2% by weight) , which served 

15 as inorganic particles, silica sol (Si0 2 content in the sol: 
30%by weight) (7%by weight) , which servedas an inorganic binder , 
carboxymethyl cellulose (0.5% by weight), which served as an 
organic binder , and water (39% by weight) were mixed and kneaded 
to prepare a sealing material paste. 

20 Next, a sealing material paste layer having a thickness 

of 1 . 0 mm was formed on the circumferential portion of the ceramic 
block by using the above-mentioned sealing material paste. 
Further, this sealing material paste layer was dried at 120°C 
so that a cylinder-shaped honeycomb structural body having a 

25 diameter of 144 mm and a length of 150 mm in the length direction, 
to be used as a honeycomb filter for purifying exhaust gases, 
was manufactured. 

Further , the initial pressure loss and the pressure losses 
at the amounts of collected particulates of 0 . 5 g/1, 1 g/1, 2 

30 g/1, 4 g/1, 6 g/1 and 8 g/1 and the regenerating limit value 
of the above-mentioned cylinder-shaped honeycomb structural 
body were measured, and the results are shown in Table 1. 
[0109] 

(Evaluation Method) 
35 (1) Pressure loss measurement 
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As shown in Fig. 6 , each of the honeycomb structural bodies 
of the examples and comparative examples was placed in an exhaust 
passage of an engine to form an exhaust gas purifying device, 
and the engine was driven at the number of revolutions of 3000 
5 min" 1 and a torque of 50 Nm so that the pressure losses in the 
initial state and upon collection of a predetermined amount of 
particulates were measured. 

(2) Measurement on regenerating limit value 

As shown in Fig. 6 , each of the honeycomb structural bodies 

10 according to the examples and comparative examples was placed 
in an exhaust passage of an engine to form an exhaust gas purifying 
device, and the engine was driven at the number of revolutions 
of 3000 min" 1 and a torque of 50 Nm for a predetermined period 
of time so that samples that had collected particulates were 

15 obtained. 

Next, the engine was driven at the number of revolutions 
of 4000 min" 1 and a torque of 200 Nm, and when the filter temperature 
had become constant in the vicinity of 700°C, the engine was 
maintained at the number of revolutions of 1050 min" 1 and a torque 

20 of 30 Nm so that the particulates collected in the filter were 
forcefully burned. This experiment was carried out in the same 
manner on several filters, and the greatest amount of 
particulates that would cause no cracks was measured, and the 
resulting value was determined as the regenerating limit value . 

25 [0110] 
Table 1 



2 B « 
OS H 



CO 
<D 

03 
«-t 
P 
U 



03 

a 

CP 

c 

*H 

O 
CD 



O 

o 

c 
o 
a 
3 



CO 

o 
•J 



o cn 



4-> 
■H 



01 



-H +J CJ 
^ g 



OO 
ID 



00 



CO 



o 
o 



CO 



00 



00 



o 
in 
o 

CM 



co 



00 
o 



CO 
CO 



CTi 

m 



CO 



CM 
CO 



o 
o 



CT> 



m 
00 



CM 
l£> 



m 
co 



CM 



o 
o 



co 



m 
co 



m 

CM 



o 

CO 



00 



00 
o 



CM 

00 



^0 

«3* 



CM 



O 

in 

CM 
CM 



_n l_l 



o 



o 



o 



o 



o 



o 



o 



o 



o 



o 



o 



o 



•H CD 

4-> 6 

(0 -H 

CU t3 



m 
o 
co 



m 
o 
r- 



m 
co 



in 



in 
o 
o 



in 
o 



m 



o * 

M 

o 



CM 



o 



00 

CO 



00 

CO 



00 

CO 



CO 

co 



o 

U -H 
0) +J 
0) +J p 

m a) r: 
o E -h * 

*H +J 
T3 CO 

•H 

T3 



m 
co 



m 

CO 



m 

co 



in 
co 



o 

T— t 



a! o 
2 



a) 
•a 



o 

CM 



o 

CO 



m 
co 



> «-h 

•H 

4J <U 

(0 i-H 

M ft 

as e 

ft m 

a x 

O W 

o 



4_> d) 

05 rH 

U ft 

03 £ 

Ou 03 

e X 

o w 
u 



-p 

03 
M ft 
03 £ 

a 03 

e x 

o w 
o 



(U 

03 »— J 

m a 

03 £ 

ft 03 

o u 
u 



> m 

■H 

4-> 0) 

03 «-H 

^ a 

03 £ 

a 03 

£ x 

o w 
o 



03 

5-1 ft 

03 e 

a 03 

e x 

o w 
0 



40 



[0111] 

As clearly indicated by Table 1, although there are some 
cases in which the initial pressure loss in the honeycomb 
structural bodies according to the comparative examples is lower 
5 than that of the honeycomb structural bodies according to the 
examples, the honeycomb structural bodies according to the 
comparative examples generally have a higher pressure loss upon 
collection of 4 g/1 of particulates in comparison with the 
honeycomb structural bodies of the examples, and the pressure 
10 loss upon collection of 8 g/1 of particulates, is reduced to 
a low level in the honeycomb structural bodies according to the 
examples . 

This is presumably because particulates penetrate to reach 
deep layer portions in the wall portion in the honeycomb 
15 structural bodies of the comparative examples, while 

particulates are collected by only surface layer portions of 
the wall portion in the honeycomb structural bodies of the 
examples . 
[0112] 

20 Moreover, the honeycomb structural bodies according to 

the examples have a greater regenerating limit value in 
comparison with the filters according to the comparative examples 
so that a larger amount of particulates can be collected up to 
the regenerating process; thus, it becomes possible to prolong 

25 the period of time up to the regenerating process. 
[0113] 

(Example 13) 

(1) The same processes as (1) of Example 1 were carried 
out to prepare a mixed composition. Next, after a slight amount 

30 of a plasticizer and a lubricant had been added to the mixed 
composition and further kneaded , the resultingmixed composition 
was. subjected to an extrusion molding process to manufacture 
a raw ceramic formed body having a cross-sectional shape as shown 
in Fig . 9 with a ratio of opening areas of 3 . 00 . Here , the particle 

35 size of the material powder (ot-type silicon carbide powder) 
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was set to ±1 |Jm for the portion of 99.99% by weight thereof 

in the same manner as Example 1. 

[0114] 

(2) Next, the above-mentioned raw formed product was dried 
5 by using a microwave drier or the like to form a ceramic dried 
body , and after predetermined through holes had been filled with 
a paste having the same composition as the raw formed product, 
the resulting product was again dried by using a drier, and then 
degreased at 400°C, and fired at 2000°C in a normal-pressure 

10 argon atmosphere for 3 hours to manufacture a porous ceramic 
member, which was a silicon carbide sintered body, and had a 
porosity of 42%, an average pore diameter of 5 |Jm, a pore diameter 
distribution of 10%, a size of 34 . 3 mm x 34 . 3 mm x 150 mm, the 
number of through holes of 31 pcs/cm 2 and a thickness of 

15 substantially all the wall portion (a partition wall) 23 of 0.4 
mm. 

Here , with respect to end faces of the porous ceramic member 
thus obtained, either one of end faces was sealed with a plug 
so as to adjust the ratio of opening areas to the above-mentioned 
20 size. 
[0115] 

(Examples 14 to 17) 

The same processes as Example 13 were carried out except 
that the average pore diameter and the pore diameter distribution 
25 were set to values as shown in Table 2 to manufacture a porous 
ceramic member. Here, the particle size of the material powder 
(OC-type silicon carbide powder) was set to ±1 |im for the portion 
of 99.99% by weight thereof in the same manner as Example 1. 
[0116] 

30 (Comparative Examples 7 to 9) 

The same processes as Example 13 were carried out except 
that the average pore diameter and the pore diameter distribution 
were set to values as shown in Table 2 to manufacture a porous 
ceramic member . Here, the particle size of the material powder, 

35 the firing conditions and the like are shown in Table 2. 
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[0117] 

The porous ceramic members according to Examples 14 to 
17 and Comparative Examples 7 to 9 were formed . into 
cylinder-shaped honeycomb structural bodies having the same 
5 structure as that of Example 1, and the initial pressure loss, 
the pressure loss upon collection of a predetermined amount of 
particulates and the regenerating limit value were respectively 
measured. The results are shown in Table 2. 

Here, the measurements of the pore diameter and the like, 
10 the measurements of the pressure loss and the measurements of 
the regenerating limit value were carried out by using the same 
methods as Example 1. 
[0118] 
Table 2 
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[0119] 

As clearly indicated by Table 2, although there are some 
cases in which the initial pressure loss in the honeycomb 
5 structural bodies according to the comparative examples is lower 
than that of the honeycomb structural bodies according to the 
examples, the honeycomb structural bodies according to the 
comparative examples generally have a higher pressure loss upon 
collection of 4 g/1 of particulates in comparison with the 
10 honeycomb structural bodies of the examples, and the pressure 
loss upon collection of 8 g/1 of particulates is reduced to a 
low level in the honeycomb structural bodies according to the 
examples . 

This is presumably because particulates penetrate to reach 
15 deep layer portions in the wall portion in the honeycomb 
structural bodies of the comparative examples, while 
particulates are collected by only surface layer .portions of 
the wall portion in the honeycomb structural bodies of the 
examples . 
20 [0120] 

Moreover, the honeycomb structural bodies according to 
the examples have a greater regenerating limit value in 
comparison with the filters according to the comparative examples 
so that a larger amount of particulates can be collected up to 
25 the regenerating process; thus, it becomes possible to prolong 
the period of time up to the regenerating process. 
[0121] 

(Example 18) 

(1) The same processes as (1) of Example 1 were carried 
30 out to prepare a mixed composition. Next, after a slight amount 
of a plasticizer and a lubricant had been added to the mixed 
composition and further kneaded, the resultingmixed composition 
was subjected to an extrusion molding process to manufacture 
a raw ceramic formed body having a cross-sectional shape as shown 
35 in Fig. 10 with a ratio of opening areas of 3.00. Here, the 
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particle size of the material powder (a-type silicon carbide 
powder) was set to ±1 |Jm for the portion of 99.99% by weight 
thereof in the same manner as Example 1. 
[0122] 

(2) Next, the above-mentioned raw formed product was dried 
by using a microwave drier or the like to form a ceramic dried 
body, and after predetermined through holes had been filled with 
a paste having the same composition as the raw formed product, 
the resulting product was again dried by using a drier, and then 
degreased at 400°C, and fired at 2000°C in a normal-pressure 
argon atmosphere for 3 hours to manufacture a porous ceramic 
member, which was a silicon carbide sintered body, and had a 
porosity of 42%, an average pore diameter of 5 \im, a pore diameter 
distribution of 10%, a size of 34 . 3 mm x 34 . 3 mm x 150 mm, the 
number of through holes of 31 pcs/cm 2 and a thickness of 
substantially all the wall portion (a partition wall) 23 of 0.4 
mm. 

Here , with respect to end faces of the porous ceramic member 
thus obtained, an end face on one side of each of through holes 
321 having a relatively large cross-sectional area was sealed 
with a plug, and an end face on the other side of each of through 
holes 322 having a relatively smaller cross-sectional area was 
sealed with a plug. 
[0123] 

(Examples 19 to 22) 

The same processes as Example 18 were carried out except 
that the average pore diameter and the pore diameter distribution 
were set to values as shown in Table 3 to manufacture a porous 
ceramic member. Here, the particle size of the material powder 

(a-type silicon carbide powder) was set to ±1 Jim for the portion 
of 99.99% by weight thereof in the same manner as Example 1. 

[0124] 

(Comparative Examples 10 to 12) 

The same processes as Example 18 were carried out except 
that the average pore diameter and the pore diameter distribution 
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were set to values as shown in Table 3 to manufacture a porous 
ceramic member . Here , the particle size of the material powder , 
the firing conditions and the like are shown in Table 3. 
[0125] 

The porous ceramic members according to Examples 18 to 
22 and Comparative Examples 10 to 12 were formed into 
cylinder-shaped honeycomb structural bodies having the same 
structure as that of Example 1, and the initial pressure loss, 
the pressure loss upon collection of a predetermined amount of 
particulates and the regenerating limit value were respectively 
measured. The results are shown in Table 3. 

Here, the measurements of the pore diameter and the like, 
the measurements of the pressure loss and the measurements of 
the regenerating limit value were carried out by using the same 
methods as Example 1 . 
[0126] 
Table 3 



I p 

(d -h 

u g 

CD »H 
CD 

CP CP 

0) c 



3 «~f 



03 o» 
> 



oo 

LO 



CO 



cu 
p 

03 

r-i 

o 

•H 
P 
U 
OJ 

a 

CP 

c 

P 

u 



co 
O 



cn 



IT) 

in 



CP 

CM 



oo 



oo 



LO 



CN 

m 



oo 



o 



m 



to 

CO 

o 



m 

CO 



CO 
CM 



CM 



CP 



* o 
o 



o 
o 



o 
o 



o 
m 

CM 
CM 



O 



o 



O 



o 



CD M 

r-» 0) 

O P 

-H CD 

p e 

M 03 

03 «H 

04 T3 



LO 
O 
00 



m 
o 



m 
ro 



m 
o 



m 



P 

o S 

o 
a. 



CM 



oo 

00 



CO 
00 



CD o 
P -H 

03 o 
U 

0) P 



LO 

00 



CO 



M 

CU 

Q> P 
M CU 
o g 

a 03 



LO 

o 



m 

CO 



0) 



03 ^ 

d hi a 

g J E 

03 g* 03 

w 3 w 



CD , 
> d 



§ * 



J: 
si 

03 g 4 

t E 

O 
U 



03 
X 
W 



48 



[0127] 

As clearly indicated by Table 3, although there are some 
cases in which the initial pressure loss in the honeycomb 
structural bodies according to the comparative examples is lower 
5 than that of the honeycomb structural bodies according to the 
examples, the honeycomb structural bodies according to the 
comparative examples generally have a higher pressure loss upon 
collection of 4 g/1 of particulates in comparison with the 
honeycomb structural bodies of the examples, and the pressure 
10 loss upon collection of 8 g/1 of particulates is reduced to a 
low level in the honeycomb structural bodies according to the 
examples . 

This is presumably because particulates penetrate to reach 
deep layer portions in the wall portion in the honeycomb 
15 structural bodies of the comparative examples, while 

particulates are collected by only surface layer portions of 
the wall portion in the honeycomb structural bodies of the 
examples. 
[0128] 

2 0 Moreover, the honeycomb structural bodies according to 

the examples have a greater regenerating limit value in 
comparison with the filters according to the comparative examples 
so that a larger amount of particulates can be collected up to 
the regenerating. process ; thus, it becomes possible to prolong 

25 the period of time up to the regenerating process. 
[0129] 

(Example 23) 

(1) The same processes as (1) of Example 1 were carried 
out to prepare a mixed composition . Next , after a slight amount 

30 of a plasticizer and a lubricant had been added to the mixed 
composition and further kneaded, the resultingmixed composition 
was subjected to an extrusion molding process to manufacture 
a raw ceramic formed body having a cross-sectional shape as shown 
in Fig. 12 with a ratio of opening areas of 3.00. Here, the 

35 particle size of the material powder (a-type silicon carbide 



49 



powder) was set to ±1 |im for the portion of 99.99% by weight 

thereof in the same manner as Example 1. 

[0130] 

(2) Next, the above-mentioned raw formed product was dried 
5 by using a microwave drier or the like to form a ceramic dried 
body , and after predetermined through holes had been filled with 
a plug paste having the same composition as the raw formed product , 
the resulting product was again dried by using a drier, and then 
degreased at 400°C, and fired at 2000°C in a normal-pressure 

10 argon atmosphere for 3 hours to manufacture a porous ceramic 
member, which was a silicon carbide sintered body, and had a 
porosity of 42% , an average pore diameter of 5 Jim, a pore diameter 
distribution of 10%, a size of 34.3 mm x 34.3 mm x 150 mm, the 
number of through holes of 31 pcs/cm 2 and a thickness of 

15 substantially all the wall portion (the partition wall) 23 of 
0 . 4 mm . 

Here , with respect to end faces of the porous ceramic member 
thus obtained, an end face on one side of each of through holes 
341 having a relatively large cross-sectional area was sealed 
20 with a plug, and an end face on the other side of each of through 
holes 342 having a relatively smaller cross-sectional area was 
sealed with a plug. 
[0131] 

(Examples 24 to 27) 
25 The same processes as Example 23 were carried out except 

that the average pore diameter and the pore diameter distribution 
were set to values as shown in Table 4 to manufacture a porous 
ceramic member. Here, the particle size of the material powder 
(a-type silicon carbide powder) was set to ±1 |Jm for the portion 
30 of 99.99% by weight thereof in the same manner as Example 1. 
[0132] 

(Comparative Examples 13 to 15) 

The same processes as Example 23 were carried out except 
that the average pore diameter and the pore diameter distribution 
35 were set to values as shown in Table 4 to manufacture a porous 
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ceramic member . Here, the particle size of the material powder, 
the firing conditions and the like are shown in Table 4. 
[0133] 

The porous ceramic members according to Examples 23 to 
5 27 and Comparative Examples 13 to 15 were formed into 

cylinder-shaped honeycomb structural bodies having the same 
structure as that of Example 1, and the initial pressure loss, 
the pressure loss upon collection of a predetermined amount of 
particulates and the regenerating limit value were respectively 
10 measured. The results are shown in Table 4. 

Here, the measurements of the pore diameter and the like, 
the measurements of the pressure loss and the measurements of 
the regenerating limit value were carried out by using the same 
methods as Example 1 . 
15 [0134] 
Table 4 
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[0135] 

As clearly indicated by Table 4, although there are some 
cases in which the initial pressure loss in the honeycomb 
structural bodies according to the comparative examples is lower 
than that of the honeycomb structural bodies according to the 
examples, the honeycomb structural bodies according to the 
comparative examples generally have a higher pressure loss upon 
collection of 4 g/1 of particulates in comparison with the 
honeycomb structural bodies of the examples, and the pressure 
loss upon collection of 8 g/1 of particulates, is reduced to 
a low level in the honeycomb structural bodies according to the 
examples . 

This is presumably because particulates penetrate to reach 
deep layer portions in the wall portion in the honeycomb 
structural bodies of the comparative examples, while 
particulates are collected by only surface layer portions of 
the wall portion in the honeycomb structural bodies of the 
examples . 
[0136] 

Moreover, the honeycomb structural bodies according to 
the examples have a greater regenerating limit value in 
comparison with the filters according to the comparative examples 
so that a larger amount of particulates can be collected up to 
the regenerating process; thus, it becomes possible to prolong 
the period of time up to the regenerating process. 
[0137] 

Moreover, in all the examples and comparative examples, 
with respect : to honeycomb structural bodies according to Example 
3 and Comparative Example 2 ; to Example 6 and Comparative Example 
3; to Example 9 and Comparative Example 4; to Example 16 and 
Comparative Example 8; to Example 21 and Comparative Example 
11; as well as to Example 2 6 and Comparative Example 14, the 
pressure losses upon collection of 8 g/1 of particulates are 
compared with each other, and in the case of the honeycomb 
structural bodies having a partition wall that separate gas 
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flow-in through holes as shown in Figs. 4 and 9, by reducing 
the pore diameter distribution to 30% or less , the pressure loss 
is reduced to 92% or less in comparison with the case in which 
the pore diameter distribution exceeds 30% (in the case of 35%) ; 
5 in contrast , in the case of the honeycomb structural bodies having 
no partition wall that separate gas flow-in through holes as 
shown in Figs. 10 and 12, when the pore diameter distribution 
is reduced to 30% or less, the pressure loss reduction remains 
at about 95% in comparison with the case in which the pore diameter 

10 distribution exceeds 30% (in the case of 35%) . Moreover, in 
the case where the pressure losses upon collection of 4 g/1 and 
6 g/1 of particulates were compared with each other, the same 
results were obtained . 

This shows that the effects of the present invention are 

15 remarkably exerted in the honeycomb structural body having a 
partition wall that separate gas flow-in through holes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0138] 

20 Fig. 1 is a perspective view schematically showing a 

specific example of an aggregated honeycomb structural body as 
one example of a honeycomb structural body of the present 
invention . 

Fig. 2 (a) is a perspective view schematically showing one 
25 example of a porous ceramic member which constitutes the 

honeycomb structural body shown in Fig. 1; and Fig. 2(b) is a 
cross-sectional view taken along line A-A of the porous ceramic 
member shown in Fig. 2 (a) . 

Fig. 3(a) is a perspective view schematically showing a 
30 specific example of an integrated honeycomb structural body as 
another example of the honeycomb structural body of the present 
invention ; . and Fig. 3(b) is a cross-sectional view taken along 
line B-B thereof. 

Figs. 4(a) to 4(d) are cross-sectional views each 
35 schematically showing a part of a cross-section of the porous 
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ceramic member which constitutes the aggregated honeycomb 
structural body of the present invention. 

Figs. 5(a) to 5(f) are cross-sectional views each 
schematically showing a part of a cross-section of the porous 
5 ceramic member which constitutes the aggregated honeycomb 
structural body of the present invention. 

Fig. 6 is a cross-sectional view schematically showing 
one example of an exhaust gas purifying device for a vehicle 
in which the honeycomb structural body of the present invention 
10 is installed. 

Fig. 7 is a perspective view schematically showing a 
conventional honeycomb structural body. 

Fig. 8(a) is a perspective view schematically showing a 
ceramic member contained in the conventional honeycomb 
15 structural body; and Fig. 8(b) is a cross-sectional view taken 
along line B-B of Fig. 8(a) . 

Fig. 9 schematically shows a cross-section perpendicular 
to a length direction of an exhaust gas filter. 

Fig. 10 schematically shows a cross- sect ion perpendicular 
20 to the length direction of the exhaust gas filter. 

Fig. 11 schematically shows a cross-section perpendicular 
to the length direction of the exhaust gas filter. 

Fig. 12 schematically shows a cross- sect ion perpendicular 
to the length direction of the exhaust gas filter. 
25 Figs. 13(a) and 13(b) are schematic diagrams for describing 

exhaust gas flow paths in a conventional filter. 

Fig. 14 is a conceptual diagram schematically showing the 
thickness of particulates when the particulates have been 
deposited on a wall portion in the honeycomb structural body 
30 of the present invention. 

Fig. 15 is a conceptual diagram schematically showing the 
thickness of particulates when the particulates have been 
deposited on a wall portion in a conventional filter. 
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EXPLANATION OF SYMBOLS 
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[0139] 

10, 30 honeycomb structural body 
13, 14 sealing material layer 
15, 35 ceramic block 
5 20, 40, 50, 70 porous ceramic member 

21a, 31a, 41a, 51a, 71a gas flow-in through hole 
21b, 31b, 41b, 51b, 71b gas flow-out through hole 

22, 32 plug 

23, 43, 53, 73 wall portion (partition wall) 
10 33 wall portion 

160, 170, 180, 260, 270, 280 honeycomb structural body 
161a, 171a, 181a, 261a, 271a, 281a gas flow-in through hole 
161b, 171b, 181b, 261b, 271b, 281b gas flow-out through hole 
163, 173, 183, 263, 273, 283 wall portion 
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